Traditional colorimetric, titrimetric and gravimetric techniques have commonly been superseded by atomic absorption spectrophotometry. Application of this technique may sometimes be hampered by the tendency of the nebulizer and burner slot to clog when solutions of high salt concentration are aspirated. Acid ammonium oxalate has often proved to be especially troublesome in this respect (e.g. Webber et al. 1974 , Searly and JOURNAL OF AGRICULTURAL SCIENCE IN FINLAND Daly 1977, Simmons and Plues-Foster 1977) . Difficulties may partially be overcome by dilution of the solutions to be analyzed. Pyrophosphate is difficult to use as an extractant because of soil dispersion. Especially with clay soils, normal filtration through paper is not enough for clarifying extracts (Sheldrick and McKeague 1975, Schuppli et al. 1983 ).
These difficulties in analytical work should be alleviated by the use of more dilute extractants. A previous paper (Niskanen 1989) showed that the ability of oxalate and pyrophosphate to extract soil aluminium, iron and manganese depends on the pH value, and that the extractability by 0.05 M reagents can reach the same order of magnitude as that by conventional methods. The aim of this paper was to study the possibility of employing 0.05 M oxalate and pyrophosphate solutions instead of the traditional reagents for the extraction of aluminium, iron and manganese from soil.
Material and methods
The material was collected at 14 sampling sites on the Viikki Experimental Farm, University of Helsinki (Nos. I -9 ) 1 -9) and in South Karelia (Imatra) (Table  1) . At sampling sites Nos. I -9 1 -9 both surface (0-20 cm) and deeper layer (20 -40 cm) samples were taken; at sampling sites Nos. 10-14 only surface samples were taken.
The soils were air-dried and ground to pass through a 2-mm sieve. The particle-size distribution of the inorganic material in the soil was determined by the pipette method (Elonen 1971) , the organic carbon content by the Ai.-ten wet combustion method (Graham 1948) . The soil pH was measured in a soil-0.01 M CaCl 2 suspension (1:2.5 v/v) (Ryti 1965) .
The soils were extracted by the methods given in Table 2 . Na 4 P207 extracts were clarified by the addition of 1 M HCI and then filtration through hard paper, K 4P 2 0 7 ex- (1966) . They found that lb, poor in aluminium.
The pH of oxalate was lowered to 2.9 because a preliminary experiment showed that the extractability of iron by 0.05 M oxalate at pH 3.3 was lower than that extractable by Tamm's oxalate (Table 7) . In most soils, the extractability of aluminium and iron by oxalate at pH 2.9, unlike that of manganese, was not lower than the extractability by Tamm's solution ( (McKeague 1967 ) and the addition of Superfloe, a flocculating agent, followed by centrifugation at low speed (Sheldrick and McKeague 1975) . The study of Schuppli et al. (1983) shows that centrifugation at high speed or at low speed with Superfloe is inadequate to sediment suspended material completely. Adding a salt, such as Na 2 S0 4 , is not effective at low concentration, and at high r = 0.892*** r = 0.837*** r = 0.756*** r = 0.670*** r = 0.669*** r = 0.717*** concentration it appears to precipitate dissolved metals. Ultrafiltration of the centrifugates through 0.025-pm filters removes particulate material in a simple and effective way.
In this study, pyrophosphate extracts were cleared by precipitation of suspended clay and organic matter with acid or filtration through 0.2-pm filters. The latter method seems to be more certain, as acidification of extracts may dissolve metals from suspended material or, on the other hand, metals may partially remain in precipitates.
K 4P 2 Oj, used by Bascomb (1968) , was used as an extractant because it was thought that peptization of soil may be less than if Na 4 P 2 0 7 were used. This opinion was based on the fact that the hydration sphere of K + -ion is smaller than that of Na + -ion. However, lowering the concentration of pyrophosphate from 0.1 M to 0.05 M hardly reduced dispersion of soil. According to Elonen (1971) , 0.05 M concentration of Na 4 P 2 0 7 is high enough for peptization of soil in particle-size analysis.
